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1. Introduction

In RAN1#86bis [1], extensive discussions were occurred regarding cross-link interference mitigation and the following outcomes including a conclusion and an agreement were captured:

	Conclusion:

· Continue study considering some or all of the following aspects:

· Deployment scenarios/bands, same-/cross-operator considerations

· Resource assignments and rate adaptations

· Frame structure and HARQ/scheduling timing

· Measurements for cross-link interference management

· Signalling (e.g., OTA, backhaul, UE capability, etc.)

· Cross-link interference management (IC/IS, power control, etc.)

· Centralized vs. distributed interference/resource management

· Beamforming/MIMO

· Duplex modes (e.g., FDD/TDD, FDM/TDM, etc.)

· Latency reduction

· Whether or not LTE interference/resource management can be used as a starting point (as applicable)

· Sensing

· RS design

· Advanced receiver

· Timing alignment between DL and UL 

Agreements:

· Strive for a common framework for cross-link interference mitigation schemes for both paired and unpaired spectra


Flexible resource utilization to provide the ability to adapt downlink and uplink resources dynamically is one of the key requirements of next generation network [2]. In order to effectively support such flexible resource utilization, it is crucial to investigate cross-link interference mitigation mechanism that can be applicable to NR. In this contribution, we discuss various consideration points on cross-link interference mitigation technique especially for flexible duplex operation in the context of NR design.
2. Cross-link interference mitigation for flexible duplex 
First of all, to enable supports of more flexible resource utilization in NR, the level of coordination among cells should be considered. Although several inter-cell interference coordination (ICIC) techniques have been already introduced in LTE, it needs to be evaluated whether they are sufficient to handle flexible duplex operation such as dynamic DL/UL configuration to support adaptive resource usages. More specifically, the coordination level in LTE has been considered as dozens of subframes, however, such coordination level would become the bottleneck to hinder more dynamic resource usage transition. In NR, more flexible resource utilization can be considered via information exchange among cells more frequently such as intended DL/UL portion within a subframe, faster DL/UL switching point, and subband DL/UL switching, etc. Consequently, as the coordination level gets finer granularity in time/frequency domain, more flexible resource utilization will be possible. Also, UE-specific resource configuration such as UE-specific GP configuration, UE-specific subband DL/UL configuration can be taken into account to handle different traffic loads and usage cases among UEs within a cell efficiently. Furthermore, coexistence with LTE in co-channel or adjacent carrier would also require different ICIC techniques. For example, to minimize the interference on adjacent LTE TDD carrier, it is desirable to align DL/UL configuration, which then limits the flexibility of unpaired spectrum in NR. As a possible mitigation technique is to divide a carrier in frequency domain where the frequency subband near to adjacent LTE TDD carrier can follow the aligned DL/UL configuration whereas in other subbands, dynamic DL/UL configuration is adopted [3].  
Proposal 1: NR ICIC design supports DL/UL configuration/switching within a subframe and subband DL/UL configuration/switching. NR ICIC design should also consider UE-specific resource configuration.
In order to fully achieve potential benefits from ICIC techniques, target scenarios should be clarified since ICIC technique may be different depending on the target scenarios. For example, different numerologies are utilized among cells and different beamforming techniques are preferred depending on frequency bands.
Firstly, assuming the same numerology among cells, the existing LTE ICIC techniques with possible modifications (e.g., more dynamic resource usage changes than LTE eIMTA [4]) can be a baseline at least in below 6GHz environment. This modification may include signaling/measurement aspects for finer resource granularity and subband configuration. It is worthwhile to note that since supportable dynamics of resource usage change is highly affected or restricted by the backhaul latency among cells, it would be necessary to consider the cross-link interference mitigation techniques in NR, especially for flexible duplex operation, with impact of the backhaul latency.
Scheduling-based interference coordination can be considered as a cross-link interference mitigation technique for flexible duplex operation. For instance, once inter-cell coordination such as reference resource usage configuration is set, and if a change of resource usage from the reference resource usage configuration happens at a cell, then a penalty (e.g., power reduction, rate adaptation) will be imposed on the cell. Or the resource allocation for collision avoidance between DL and UL can be considered. To guarantee low level of interference arisen by different directions between DL and UL, the fixed resource utilization for subband/subframe may be helpful. 

Cell-clustering mechanism can be also considered as a cross-link interference mitigation technique for flexible duplex operation. Specifically, the resource usage alignment among cells (e.g., same DL/UL direction in the same time instance) which will have high interference levels each other can mitigate TRP-to-TRP or UE-to-UE interference with further taking into account the frame structure in NR. 
Enhancement of CSI/RRM measurement can also facilitate inter-cell interference coordination. The concept of subframe set based restricted measurement has been already adopted in LTE. In NR, considering that more dynamic resource usage changes may be possible, time/frequency resource set based restricted measurement will be essential with proper and rapid coordination among cells for configuring the resource set. 

Proposal 2: Under assumption of the same numerology among cells, the existing LTE ICIC techniques with possible modifications can be a baseline at least in below 6GHz environment. 
When clustering mechanism is considered in above 6GHz environment, potential analog beamforming operation should be also taken into account. In this context, at least two aspects should be considered. First is how to determine “interfering cells”. Second is how to align between interfering cells. In case narrow beam operations are employed to both Tx and Rx, beam separation between two communication pairs will be possible. This implies that a cell A may or may not interfere with cell B’s uplink operation depending on A’s TX beam and B’s RX beam. In that sense, instead of clustering interfering cells, clustering of “Tx/Rx beams” of multiple cells are necessary. The clustering can be defined as a set of “Tx/Rx pairs” which will interfere each other heavily. Coordination then would be beneficial within this Tx/Rx beam clustering. In order to support coordination within such beam clustering, enhancements of the existing ICIC signaling over X2 interface [5] (e.g., IOI (interference overload indication), HII (high interference indication), and RNTP (relative narrowband transmit power)) combined with beam domain can be considered. For example, victim cell can inform aggressor cell of the analog beam set of the aggressor cell which results in high interference when using a certain analog beam set by victim cell, and then victim and aggressor cells may share the same resource usage for the analog beam set pair. Similarly, victim cell can inform aggressor cell of the analog beam set of the aggressor cell which results in low interference, and then for the analog beam set pair more flexible resource utilization can be allowed. Or, it can be considered to broadcast intended Tx (and/or Rx) beam directions to neighbor cells in a given time/frequency resource such that neighbor cells can manage its Tx/Rx beam directions to minimize inter-cell interference. For clustering, the measurement to identify potential interfering RX/TX beam pairs is very essential, and further study on the measurement as well as coordination mechanisms are necessary. One possible approach is to utilize eNB’s measurement on each other’s TX beams with possibly RX beam cycling. Also, some assistance from UEs should be further considered. 
Proposal 3: With consideration of potential analog beamforming operation in above 6GHz environment, further enhancements can be considered, e.g., the clustering in beam level and coordination within the cluster can be one of potential candidate cross-link interference mitigation techniques.

Another aspect of cross-link interference mitigation technique is to utilize UE and eNB’s cancellation capabilities. However, different numerologies used in co-channel can complicate the cancellation. Thus, in such cases, it would be beneficial to avoid resource collision between different numerologies by taking into account neighbor cell’s usage of numerology per time/frequency resource. To enable such interference avoidance, additional information exchange over X2 interface can be considered among cells. 

Proposal 4: Under assumption of different numerologies among cells, interference avoidance among different numerologies via resource coordination can be considered.  
Considering flexible resource utilization among cells with or without mixed numerology, UE will suffer from much worse interference condition than the case with well-aligned resource utilization among cells. For NR design, since more advanced UE with interference mitigation capability can be envisioned, more relaxed network coordination may be considered with the aid of such advanced UE having interference suppression/cancelation capability with assistant information of neighbor TRPs.
In evaluation of flexible duplex in NR design, in summary, we propose to consider the following approaches. 

(1) Resource coordination

A. Finer resource coordination e.g., DL/UL configuration within a subframe/slot, DL/UL configuration in different subband, needs to be investigated

B. Low latency and dynamic backhaul signaling should be further considered

C. Not only DL/UL configuration, but also coordination on numerology and slot length should be also considered

(2) Clustering
A. Measurement mechanisms to form clustering effectively in both below and above 6 GHz are necessary

B. Particularly for analog beamforming case, beam-level clustering which defines a set of Tx/Rx interfere/victim beams among neighbor cells should be considered

(3) CSI/RRM measurement

A. Considering more dynamic changes of resource utilization, time/frequency resource set based restricted measurement should be also considered. 
(4) Cancellation

A. Advanced cancellation for eNB to eNB and UE to UE interferences, as well as eNB to UE can be considered. 

3. Conclusions

In this contribution, we discussed aspects of potential cross-link interference mitigation techniques for NR design. Based on the above discussions, our proposals are given as follows:

Proposal 1: NR ICIC design supports DL/UL configuration/switching within a subframe and subband DL/UL configuration/switching. NR ICIC design should also consider UE-specific resource configuration.

Proposal 2: Under assumption of the same numerology among cells, the existing LTE ICIC techniques with possible modifications can be a baseline at least in below 6GHz environment. 
Proposal 3: With consideration of potential analog beamforming operation in above 6GHz environment, further enhancements can be considered, e.g., the clustering in beam level and coordination within the cluster can be one of potential candidate cross-link interference mitigation techniques.
Proposal 4: Under assumption of different numerologies among cells, interference avoidance among different numerologies via resource coordination can be considered.
Proposal 5: The following ICIC techniques shall be further investigated and evaluated in context of NR flexible duplex:

· Resource coordination

· Finer resource coordination e.g., DL/UL configuration within a subframe/slot, DL/UL configuration in different subband, needs to be investigated

· Low latency and dynamic backhaul signaling should be further considered

· Not only DL/UL configuration, but also coordination on numerology and slot length should be also considered

· Clustering

· Measurement mechanisms to form clustering effectively in both below and above 6 GHz are necessary

· Particularly for analog beamforming case, beam-level clustering which defines a set of Tx/Rx interfere/victim beams among neighbor cells should be considered

· CSI/RRM measurement

· Considering more dynamic changes of resource utilization, time/frequency resource set based restricted measurement should be also considered. 

· Cancellation

· Advanced cancellation for eNB to eNB and UE to UE interferences, as well as eNB to UE can be considered. 

4. Reference

[1] RAN1 Chairman’s notes, RAN1#86bis.
[2] TR 38.913, “Study on scenarios and requirements for next generation access technologies”.
[3] R1-1609270, “Discussion on dynamic and semi-static DL/UL configuration for inter-cell interference coordination/handling,” LG Electronics

[4] TR 36.828, “Further enhancements to LTE Time Division Duplex (TDD) for Downlink-Uplink (DL-UL) interference management and traffic adaptation”.

[5] TR 36.423, “X2 application protocol”.
